Background Total knee arthroplasty (TKA) and related interventions such as revision TKA and the treatment of infected TKAs are commonly performed procedures. Hospital readmission rates are used to measure hospital performance, but risk factors (both medical and surgical) for readmission after TKA, revision TKA, and treatment for the infected TKA have not been well characterized. Questions/purposes We measured (1) the unplanned hospital readmission rate in primary TKA and revision TKA, including antibiotic-spacer staged revision TKA to treat infection. We also evaluated (2) the medical and surgical causes of readmission and (3) risk factors associated with unplanned hospital readmission. Methods This retrospective cohort study included a total of 1408 patients (1032 primary TKAs, 262 revision TKAs, 113 revision of infected TKAs) from one institution. All hospital readmissions within 90 days of discharge were evaluated for timing and cause. Diagnoses at readmission were categorized as surgical or medical. Readmission risk was assessed using a Cox proportional hazards model that incorporated patient demographics and medical comorbidities. Results The unplanned readmission rate for the entire cohort was 4% at 30 days and 8% at 90 days. At 90 days postoperatively, revision of an infected TKA had the highest readmission rate, followed by revision TKA, with primary TKA having the lowest rate. Approximately threefourths of readmissions were the result of surgical causes, mostly infection, arthrofibrosis, and cellulitis, whereas the remainder of readmissions were the result of medical causes. Procedure type (primary TKA versus revision TKA or staged treatment for infected TKA), hospital stay more than 5 days, discharge destination, and a fluid/electrolyte abnormality were each associated with risk of unplanned readmission. Conclusions Patients having revision TKA, whether for infection or other causes, are more likely to have an unplanned readmission to the hospital than are patients having primary TKA. When assessing hospital performance for TKA, it is important to distinguish among these surgical procedures.
Introduction
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TKA had almost doubled from a decade earlier [3] , and rates of both primary and revision TKA are expected to continue to increase exponentially during the next several decades [13] . Although considered a safe and effective procedure, complications associated with TKA can lead to poor outcomes [19] . As the population ages, more patients will have comorbid medical problems that may increase their risk of complications.
Unplanned hospital readmissions are expensive and an undesired outcome for the patient, the physician, and the healthcare system, yet have been found to occur in almost one in five Medicare patients [8] . Provisions in the Patient Protection and Affordable Care Act require reporting of hospital quality metrics along with financial accountability for underperforming hospitals [18] . Fully evaluating the cost-effectiveness of procedures requires measuring the cost over the continuum of care and must include readmissions related to an index event [17] .
However, patients considering TKA may present with a wide range of age and comorbid medical conditions that may affect the likelihood of having an unplanned hospital readmission after surgery. Thus, it will be important for providers to identify patients at higher risk for such complications to minimize their occurrence and evaluate riskstratified outcomes.
The primary objective of this study was to measure 90-day unplanned hospital readmission rates for patients undergoing TKA with the hypothesis that lower readmission rates would be seen for primary TKA, whereas higher readmission rates would be seen for revision TKA, with or without infection. Secondary objectives included characterizing the causes of and risk factors for unplanned readmission.
Patients and Methods

Patient Selection
All patients who underwent TKA between 2005 and 2011 at a single institution were identified using an administrative claims database with International Classification of Diseases, 9 th Revision and Current Procedural Terminology codes for primary TKA (81.54, 27447), revision TKA (00.80-00.84, 81.55, 27486, 27487), and antibiotic spacer implantation/removal (84.56, 84.57, 27448). Patients were grouped by procedure type: (1) primary TKA; (2) revision TKA; and (3) infected TKA with staged implant removal, placement of cement-eluding antibiotic spacer, and finally revision TKA. There were no changes in indications or surgical or care pathways during the study time period. There were no uniform criteria for discharge timing and destination (eg, skilled nursing or inpatient rehabilitation requirements), and these decisions were made by the treating physician in consultation with our rehabilitation and case management departments.
Hospital Readmission
Hospital administrative claims data were used to identify any hospital readmission within 90 days of discharge from the initial TKA. All hospital readmissions underwent confirmatory medical record review and were categorized as planned if the readmission was predetermined at the time of the original procedure (eg, staged antibiotic spacer exchange for revision TKA) or unplanned. Causes of readmission were grouped as a surgical complication (infection, arthrofibrosis, cellulitis of extremity, venous thromboembolism, etc) or a medical complication (atrial fibrillation, myocardial infarction, pneumonia, etc). There were no uniform criteria for hospital readmission. Medical comorbidities were assessed using the Elixhauser comorbidity index as well as the All Payer Refined Diagnosis Related Group Severity of Illness scale (APR-SOI) [5, 7] . However, APR-SOI was not available for patients before 2007 and thus was not included in the multivariate analysis.
Patient Characteristics and Planned Readmissions
A total of 1408 patients met inclusion criteria for this study; 294 patients were excluded for insufficient followup (Table 1 ). There were 1032 patients who underwent primary TKA (912 unilateral, 120 bilateral), 262 who underwent revision TKA, and 113 who underwent revision for infected TKA. The average age was 63.2 ± 13.0 years and was similar between groups ( Table 1) . Patients in the primary TKA group were more often women than in the other two groups and were also more likely to require discharge to an inpatient rehabilitation center. Patients in the revision for infected TKA group had a longer hospital stay, more medical comorbidities, and were more likely to require discharge to a skilled nursing facility than were the primary or revision TKA groups. Patients who received revision TKA were less likely to have Medicaid insurance compared with patients receiving primary or revision for infected TKA, but otherwise there were no differences in payor source between groups.
The all-cause 90-day readmission rate was 13% (n = 176 of 1408) ( Table 2 ). Six patients in the primary TKA group (0.6%) had a planned readmission for a contralateral primary TKA. There were 51 patients in the revision for infected TKA group (45%) who had planned readmissions for antibiotic spacer removal and revision TKA.
Statistical Analysis
Categorical variables were compared across groups using a chi-square test, whereas continuous variables were compared with a t-test with a p value \ 0.05 considered statistically significant. Readmission within 90 days was measured using a Kaplan-Meier failure analysis and groups compared using a log-rank test with a p value \ 0.05 deemed significant. Patients were censored after one hospital readmission to ensure that patients with multiple hospital readmissions did not excessively weight the results. Risk factors with a univariate p value of \ 0.2 were included in a Cox proportional hazards model. Variables were removed stepwise if the p value in the multivariate model was [ 0.1. Risk was reported with hazard ratios. 
Results
Unplanned Readmission Rate
The overall unplanned readmission rate was 4% (n = 57 of 1408) at 30 days and 8% (n = 118 of 1408) at 90 days. Patients were readmitted from the emergency department (39.8%, n = 47 of 118), from the clinic or other direct admission (51.7%, n = 61 of 118), or transferred from an outside hospital (8.5%, n = 10 of 118). Unplanned readmissions required a surgical procedure in 42% of cases. The 30-day readmission rate showed significant (p = 0.047) differences across groups for primary TKA (3.4%), revision TKA (5.7%), and revision for infected TKA (6.2%). A similar result was also seen at 90 days (primary TKA 6%, revision TKA 13%, revision for infected TKA 18%; p \ 0.001) ( Fig. 1 ). There were no differences in age, sex, or insurance type between patients who were readmitted and those who were not, but readmitted patients were more likely to have had a hospital stay over 5 days (p\0.001), have been discharged to a skilled nursing facility (p = 0.001), and have more medical comorbidities (p = 0.002). All Payer Refined Severity of Illness (APR-SOI), graded from 1 (low) to 4 (high), was significantly associated with hospital readmission. Compared with Grade 1, Grade 2 (hazard ratio [HR], 1.82; p = 0.041), Grade 3 (2.17; p = 0.019), and Grade 4 (HR = 3.39; p = 0.030) showed increased risk of readmission. After adjusting for procedure type, APR-SOI still showed elevated risk of readmission of 33% for each additional grade (p = 0.041).
Causes of Readmission
The cause of readmission was surgical in 75% (n = 88 of 118) of patients, whereas 25% (n = 30 of 118) of readmissions were the result of medical causes ( Table 3 ). The majority of surgical causes were the result of arthrofibrosis (28% [n = 25 of 88]), surgical site infection (SSI) (18% [n = 16 of 88]), and cellulitis (16% [n = 14 of 88]). SSI occurred more often in revision TKA (2.3%, p = 0.067) and revision for infected TKA (2.7%, p = 0.031) than in primary TKA (0.9%) (p = 0.020), whereas rates of cellulitis (0.9% primary TKA, 1.9% revision TKA, 0.9% revision for infected TKA) and arthrofibrosis (1.7% primary TKA, 2.7% revision TKA, 0.9% revision for infected TKA) were similar across groups (p [ 0.05). Medical causes of readmission were varied, as seen in detail in Table 3 .
Early (0-30 days) readmissions were the result of medical causes in 40% of cases and surgical causes in 60% of cases. The most common surgical-related reasons for readmission were SSI and cellulitis. Late readmissions (61-90 days) were predominantly surgical-related with the majority of readmissions being for treatment of arthrofibrosis.
Risk of Readmission
Multivariate analysis showed that, compared with primary TKA, there was an increased risk of unplanned readmission for both revision TKA (HR, 2.00; p \ 0.001) and revision for infected TKA (HR, 1.79; p = 0.037) ( Table 4 ). A hospital length of stay over 5 days requiring discharge to a skilled nursing facility (versus home or an acute rehabilitation facility) and a fluid or electrolyte disorder (eg, hyponatremia, hypovolemia, acid-base disturbance, etc) also were associated with an increased likelihood of readmission.
Discussion
Hospital readmissions are unfortunately not uncommon in the elderly population. With the increasing cost of health care, there will be increased scrutiny surrounding the complications causing potentially unnecessary hospital readmissions after high-volume, elective procedures such as TKA. To contain the total cost associated with TKA, it is important to evaluate the rates, timing, and causes of hospital readmissions so that we can implement costeffective measures to address common complications. The results of this study show that patients undergoing revision TKAs or staged treatment for infected TKAs have higher unplanned readmission rates than patients undergoing primary TKAs. Additionally, approximately three-fourths of unplanned hospital readmissions are for surgical (as opposed to medical) complications. Finally, in addition to the type of procedure (primary versus revision or treatment for infection), we observed that an index hospital stay more than 5 days, discharge to a skilled nursing facility, and a fluid or electrolyte disorder each were associated with increased risk of unplanned hospital readmission.
There are limitations to consider for this study. As a retrospective study, we could not control for differing criteria for discharge destination or criteria for hospital readmission. Although there were no specific changes in surgical pathways during this study period, decisions regarding discharge and hospital readmission were clinical decisions made by the surgeon on a per-patient basis (or the admitting hospitalist physician in the case of medical readmissions). Additionally, we only evaluated complications that resulted in hospital readmission within 90 days, and thus it is important to recognize that overall complication rates are likely higher. We could only evaluate hospital visits at our institution and thus may have underestimated the rate of readmissions if patients were readmitted to an outside facility. This may be especially significant for tertiary care hospitals because patients often travel further distances to receive care, and thus our results represent a best case scenario assuming that all patients returned to our institution for treatment of all complications. Finally, as a referral center that treats patients with complex surgical problems and numerous medical comorbidities, these overall readmission rates may have limited applicability to other practice settings.
Although we could find no reports in the literature that specifically addressed a 90-day readmission rate for TKA, our 30-day unplanned readmission rate of 4% is similar to other reports in the literature. Brown et al. found an allcause 30-day readmission rate of 4.2% in patients undergoing primary TKA [2] . Huddleston et al. [6] evaluated adverse events in Medicare beneficiaries after TKA and found a 30-day all-cause readmission rate of 5.5%. Additionally, they found that an adverse event during the index hospitalization was not associated with a higher risk of readmission. However, Mahomed et al. [16] reported a readmission rate of only 0.9% in a similar Medicare cohort. Huddleston et al. suggested that their higher readmission rate might be the result of earlier discharge after TKA, although this explanation remains controversial [4, 9, 22] . The low readmission rate reported by Mahomed et al. may also be the result of how they defined readmission, which was limited to a specific list of diagnoses rather than a true all-cause readmission rate.
Of the few studies that have reported on hospital readmission rates in patients undergoing TKA, we could only find one report that described the complications leading to readmission. In their large study on readmissions in Medicare patients, Jencks et al. [8] reported a 30-day readmission rate of 9.9% for combined major hip or knee surgery, although the procedures that made up this group were not defined. The most frequent cause was ''aftercare'' (10.3% of readmissions and not included in our definition of readmission for this study) followed by ''major hip or knee problems'' (6.0%) and pneumonia (4.2%). Infection was the cause of 3.1% of readmissions at 30 days, whereas the other measured causes were medically related (gastrointestinal, cardiac, etc). If this grouped infection rate of 3.1% includes superficial and deep infections, including cellulitis of the surrounding surgical site, then it may be comparable to our findings for SSI (1.2%, n = 17 of 1408) and cellulitis (1.0%, n = 14 of 1408). Kim et al. reported that arthrofibrosis after primary TKA occurred in 1.3% of patients [12] , which is similar to the rate in our overall cohort of 1.8%. They found that all patients with arthrofibrosis underwent manipulation under anesthesia within 3 months of the original procedure but that half of patients required a revision procedure for continued stiffness. Thus, in addition to hospital readmissions, patients with arthrofibrosis are at risk for a continued high cost of treatment. Our results suggest that strategies to target specific complications could have a substantial effect on readmission rates in patients undergoing TKA. These complications (arthrofibrosis, SSI, and cellulitis) accounted for nearly half of all unplanned readmissions. Efforts to reduce these three complications may result in both significant cost savings and improved patient outcomes.
Medical comorbidities are an important predictor of complications and hospital readmissions [11, 20] . We found that increased APR severity of illness significantly elevated the risk of readmission by 82% for Grade 2, 117% for Grade 3, and 239% for Grade 4, and remained significant even when controlling for primary or revision procedure. Multivariate analysis showed that revision procedures were independently associated with risk for readmission. A long hospitalization or discharge to a skilled nursing facility was also associated with a high risk; however, we did not evaluate this cohort for complications during the primary hospitalization, and thus both of these factors are likely a proxy representing the initial state of health and possible complications. Although public health insurance has been associated with higher rates of hospital readmissions [14, 23] , we did not see this trend in our data. Thus, there are many risk factors to consider when evaluating a patient for TKA. Failure to adjust for both procedure complexity and patient severity of illness will likely penalize large tertiary care referral centers that often care for patients with medical comorbidities undergoing more complicated procedures [10] . In summary, readmissions after primary, revision, and staged revision TKAs were found to be 6%, 13%, and 18% within 90 days of discharge, respectively. Risk of readmission is higher among patients undergoing revision TKA (with or without infection) when compared with patients undergoing primary TKA. This information will assist with shared decision-making between physicians and patients by better informing all parties of the possible outcomes [1] . As public reporting of provider performance becomes more common, it will be important for quality measures to distinguish among different types of knee arthroplasties to provide fair and accurate information for patients. Additionally, arthrofibrosis and infection-related complications were responsible for almost half of unplanned readmissions, making them appealing targets for cost-effective interventions to reduce readmissions.
